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INTRODUCTION 

Hydro t r ea t ing  c rude  d i s t i l l a t e s  i nvo lves  competing r e a c t i o n s  such 

as d e s u l p h u r i z a t i o n ,  d e n i t r o g e n a t i o n  and hydrogenat ion .  I n d i v i d u a l  s t u d i e s  

of t h e s e  r e a c t i o n s  have  been  d e s c r i b e d  i n  t n e  l i t e r a t u r e  f o r  s e v e r a l  model 

compounds'' '* '. 
nas  been r epor t ed4 '  '. 
of petroleum u s i n g  model compounds. It was f e l t  t h a t  a s t u d y  w i t h  d i s t i l l a t e  

f r a c t i o n s  was r e q u i r e d  t o  de t e rmine  t h e  i n t e r a c t i o n  of t h e s e  competing r e a c t i o n s  

i n  t h e  i n d u s t r i a l  h y d r o t r e a t i n g  p rocess .  The purpose  of t h e  p r e s e n t  paper is 

t o  d e s c r i b e  t h e  i n t e r a c t i o n  of t h e  competing r e a c t i o n s  f o r  v a r i o u s  c a t a l y s t s  

and process  c o n d i t i o n s  a s  they  would be  encountered i n  a r e f i n e r y  a p p l i c a t i o n .  

A coker kerosene  d i s t i l l a t e ,  de r ived  from Athabasca b i tumen , was hydro t r ea t ed  

on unpromoted and promoted c a t a l y s t s  a t  v a r i o u s  r e a c t i o n  t empera tu res .  

I n  a few c a s e s ,  t h e  i n t e r a c t i o n  of t h e s e  competing r e a c t i o n s  

However, i t  i s  d i f f i c u l t  t o  s i m u l a t e  a l l  t h e  p r o p e r t i e s  

6 

EXPERIMENTAL 

The c a t a l y s t s  used i n  t h i s  s tudy  were unpromoted MOO /a lumina  3 
con ta in ing  3, 6 ,  9 and 1 2  w t  X of MOO 

1.1 w t  X COO - 2.2 w t  % MOO /a lumina ,  1.1 u t  % N i O  - 2.2 u t  % MOO /alumina 

and 3 w t  X COO - 1 2  w t  X MOO /a lumina .  The c a t a l y s t s  were prepared  by spray- 

ing  aqueous solutions of metal s a l t s  on alumina powder ( a  m i x t u r e  of 20 w t  % 

Cont inen ta l  O i l  Company "Catapa l  SB" and 80 w e  X "Catapa l  N" a lumina  

monohydrate) i n  a mix-muller7.  The impregnated mix tu res  were  d r i e d  

i n  a i r  a t  l l O ° C  f o r  3 hour s  and then  c a l c i n e d  a t  500°C for 3 hours. 

ca lc ined  powder was mixed w i t h  2 w t  % s t e a r i c  a c i d  and p res sed  i n t o  c y l i n d r i c a l  

p e l l e t s  (L = D - 3.2 mm) i n  a cont inuous  p e l l e t i n g  p r e s s .  The p e l l e t s  were 

r eca l c ined  a t  50O-55O0C f o r  4 hours  t o  remove t h e  s t e a r i c  a c i d .  

c a t a l y s t ,  3 w t  X COO - 1 2  w t  X MOO /alumina (Harshaw CoMo 0603T, 3 . 2  mm p e l l e t s ) ,  

was a l s o  used .  

and promoted MOO /alumina composed of 3 3 

3 3 

3 

The 

A commercial 

3 

The f e e d s t o c k  used f o r  t h e  h y d r o t r e a t i n g  s tudy  w a s  a coke r  kerosene  

d i s t i l l a t e  (193-279'C) s u p p l i e d  by Grea t  Canadian O i l  Sands L td .  of F o r t  

McMurray, A l b e r t a .  The p r o p e r t i e s  of t h e  f eeds tock  are l i s t e d  i n  Table  1. 

159 



The r e a c t i o n  measurements were c a r r i e d  ou t  i n  a bench s c a l e  

cont inuous  f low s y s t e m 8  w i t h  t h e  o i l  and hydrosPn !loving up through 

a f i x e d  bed of c a t a l y s t .  The r e a c t o r  w a s  0.025 m i n  i n t e r n a l  

d iameter ,  0.305 m l ong ,  and was made of 316 s t a i n l e s s  s t e e l .  The 

r e a c t o r  was f i l l e d  s e q u e n t i a l l y  from t h e  bottom wi th  4 2  m l  of b e r l  s a d d l e s ,  

100 m l  of c a t a l y s t  p e l l e t s  and 1 3  m l  of b e r l  s add le s .  The a x i a l  t empera ture  

p r o f i l e  was measured by  a movable thermocouple i n  a thermocouple w e l l  l oca t ed  

c e n t r a l l y  i n  t h e  r e a c t o r .  

i n  one of t h e  two down-stream v e s s e l s .  When s t eady- s t a t e  c o n d i t i o n s  had 

preva i led  for 1 h o u r ,  t h e  p roduc t  f low was rou ted  t o  t h e  second v e s s e l  where 

t h e  l i q u i d  p roduc t  w a s  c o l l e c t e d  f o r  subsequent  a n a l y s i s .  

The g a s  and l i q u i d  r e a c t i o n  products  were sepa ra t ed  

For a l l  t h e  exper iments  t h e  r e a c t i o n  p r e s s u r e ,  l i q u i d  space  v e l o c i t y  
2 and hydrogen f low rate were k e p t  c o n s t a n t  a t  1 .39  x 1 0 7 N / m  

2h-I and 890.5 m H2/m3 o i l  (5000 s c f  H2/bbl  o i l )  r e s p e c t i v e l y .  

t empera tures  w e r e  v a r i e d  i n  t h e  fo l lowing  sequence: 400, 420, 360, 320 and 

40OoC. 

the  s t a b i l i t y  of t h e  c a t a l y s t .  

(2000 p s i g ) ,  
3 The r e a c t i o n  

The second r u n  a t  4OO0C w a s  under taken  t o  check t h e  s e r i e s  and confirm 

The p r o d u c t  samples were ana lysed  f o r  su lphur ,  n i t r o g e n ,  a romat ics ,  

o l e f i n s  and s a t u r a t e s .  The conve r s ions  of h ighe r  b o i l i n g  f r a c t i o n s  t o  lower 

b o i l i n g  f r a c t i o n s  w e r e  de te rmined  by a tmospher ic  d i s t i l l a t i o n  and t h e  su lphur  

concen t r a t ion  by X-ray f l u o r e s c e n c e 9 .  The su lphur  appa ra tus  was c a l i b r a t e d  

using a s e r i e s  oE o i l  samples ana lysed  by t h e  bomb su lphur  technique  . The 

n i t rogen  c o n t e n t  w a s  measured us ing  a hydrogenation-microcoulometric appara tus  

developed and manufac tured  by the  Dohrmann Div i s ion  of Envi ro tech  Corp . ,  

Mountain V i e w ,  California ' ' .  

con ta in ing  10-100 ppm and was c a l i b r a t e d  us ing  p y r i d i n e ,  ca rbazo le  and acetan- 

i l i d e .  The samples  hav ing  h i g h e r  n i t r o g e n  x e r e  d i l u t e d  t o  reduce  t h e  n i t roeen  

concen t r a t ion  t o  t h e  working  range  of  tile i n s t rumen t .  

7 

The Dohrmann procedure  was developed f o r  o i l s  

Trine a romat i c s ,  o l e f i n s  - _  

- 

I' 

11 I 

I 
and S a t u r a t e s  were  s e p a r a t e d  u s i n g  t h e  ASTN s t anda rd  FIA method . The conversion ' 

of f r a c t i o n s  b o i l i n g  above 220°C t o  f r a c t i o n s  b o i l i n g  below 22OoC w a s  ca l cu la t ed  

u s i n g  t h e  d i s t i l l a t i o n  d a t a  i n  t h e  fo l lowing  equat ion:  

XBp = (100-F) - (100-P) 
100 - F 

where P = w t  % of  p roduc t  b o i l i n g  below 22OoC 

F = w t  Z of  f e e d  b o i l i n g  below 22OoC 
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RESULTS AND DISCUSSION 

C a t a l y s t  P re t r ea tmen t :  

P re l imina ry  s t u d i e s  showed t h a t  t h e  c a t a l y s t  p re t r ea tmen t  
1 2  

cond i t ions  are impor t an t  i n  o b t a i n i n g  s t a b l e  a c t i v i t y  . The oxides  

i n  t h e  c a t a l y s t s  a r e  s lowly  conver ted  t o  s u l p h i d e s  by t h e  hydrogen 

su lph ide  produced from t h e  su lphur  compounds i n  t h e  f eed .  Large 

v a r i a t i o n s  i n  c a t a l y s t  a c t i v i t y  have been r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  

e x t e n t  of c a t a l y s t  su lph id ing .  I t  was found t h a t  a p re t r ea tmen t  w i th  t h e  

coker kerosene  f eeds tock  a t  r e a c t i o n  c o n d i t i o n s  of 1.39 x 10 N/m (2000 p s i g ) ,  

673OK, 2h-I and 890.5 m3H /m3 o i l  (5000 cu f t / b b l )  f o r  2 hours  produced an 

adequate  e x t e n t  of c a t a l y s t  s t a b i l i z a t i o n .  

7 2  

2 

K i n e t i c s  : 

Mass t r a n s f e r  e f f e c t s  i n  c a t a l y s t s  a r e  known t o  be impor t an t ,  
1 3  p a r t i c u l a r l y  when h y d r o t r e a t i n g  h igh  b o i l i n g  pe t ro leum f r a c t i o n s  

However, f o r  t h e  system used i n  t h i s  work t h e r e  w e r e  s t rong  i n d i c a t i o n s  

t h a t  mass t r a n s f e r  w a s  no t  c o n t r o l l i n g .  The f a c t  t h a t  the  d i f f e r e n t  

c a t a l y s t s  had markedly d i f f e r e n t  a c t i v i t i e s  s u g g e s t s  t h a t  t h e  e f f e c t  of e x t e r n a l  

mass t r a n s f e r  was n e g l i g i b l e .  O t h e r  expe r imen t s  under taken  i n  t h i s  l a b o r a t o r y  

wi th  a h ighe r  b o i l i n g  g a s - o i l  over  ex t ruded  c a t a l y s t s ,  having  d i f f e r e n t  

dimensions (0.317 mm and 0.159 mm) b u t  t h e  same chemica l  composi t ion ,  a l s o  

produced the  same a c t i v i t y  . This  i n d i c a t e d  t h a t  pore d i f f u s i o n a l  

r e s i s t a n c e  was n o t  c o n t r o l l i n g .  Add i t iona l  ev idence  f o r  minimal 

d i f f u s i o n a l  e f f e c t s  i s  ob ta ined  when one compares t h e  d e s u l p h u r i z a t i o n  and 

d e n i t r o g e n a t i o n  r e a c t i o n  d a t a  of two c a t a l y s t s  having  t h e  same me ta l s  con ten t  

(Table  2 ) .  For  1.1 w t  % N i O  - 2.2 w t  % MOO / a lumina ,  t h e  den i t rogena t ion  

convers ion  improved r e l a t i v e  t o  d e s u l p h u r i z a t i o n  convers ion  wi th  i n c r e a s i n g  

tempera ture .  For 3 u t  % MOO /alumina, t h e  d e s u l p h u r i z a t i o n  improved r e l a t i v e  

t o  d e n i t r o g e n a t i o n  conve r s ion  wi th  i n c r e a s i n g  t empera tu re .  Such changes 

i n d i c a t e  t h a t  t h e  d i f f e r e n c e s  i n  d e s u l p h u r i z a t i o n  and d e n i t r o g e n a t i o n  

a r e  no t  due  t o  pore d i f f u s i o n  e f f e c t s  and can  be  a t t r i b u t e d  t o  k i n e t i c s .  

. 

14 

3 

3 

The k i n e t i c s  of d e n i t r o g e n a t i o n ,  d e s u l p h u r i z a t i o n  and hydrogenat ion  

were s t u d i e d  on  3 w t  % COO - 1 2  u t  % Mo03/alumina c a t a l y s t .  

followed f i r s t  o rde r  k i n e t i c s  (F igu re  1 A)as  r e p o r t e d  by o thers15 .  

d e s u l p h u r i z a t i o n  followed second o rde r  k i n e t i c s  (F igure  1 B) . 

Deni t rogena t ion  
' The 
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S i m i l a r  d e s u l p h u r i z a t i o n  k i n e t i c s  have been  observed by o t h e r s  f o r  h igh  

su lphur  c rudes16 .  

a l s o  been r e p o r t e d  . 
d e s u l p h u r i z a t i o n  i s  f i r s t  o r d e r  f o r  i n d i v i d u a l  su lphur  compounds and appea r s  

t o  be second o r d e r  i n  a f e e d s t o c k  c o n t a i n i n g  d i f f e r e n t  types  of s u l p h u r  

compounds. 

fo l low r e v e r s i b l e  f i r s t  o r d e r  k i n e t i c s 1 8 .  

h e r e  the  d a t a  d i d  n o t  f i t  ze ro  o r d e r ,  f i r s t  o r d e r  i r r e v e r s i b l e ,  f i r s t  o r d e r  

r e v e r s i b l e  o r  second o r d e r  i r r e v e r s i b l e  k i n e t i c s .  Th i s  is probably due 

t o  t h e  i n h i b i t i o n  of t h e  hydrogena t ion  p rocess  by su lphur  compounds. 

Voorhoeve and S t u i v e r 1 9  

dev ia t ed  from f i r s t  o r d e r  k i n e t i c s  when carbon d i su lph idq  w a s  p r e s e n t .  

sugges t  t h a t  t h e  hydrogena t ion  sites are blocked by t h e  p r e f e r e n t i a l  a d s o r p t i o n  

of CS2.  I n  t h e  p r e s e n t  c a s e  i t  is e n t i r e l y  p o s s i b l e  t h a t  t he  s u l p h u r  compounds 

i n  t h e  feeds tock  compl ica ted  t h e  hydrogenat ion  k i n e t i c s  i n  t h i s  way. 

However, f o r  low su lphur  crudes, f i r s t  o rde r  k i n e t i c s  have 
1 3  Beuther  e t  a l l 6  and Schu i t  e t  a l l 7  sugges t  t h a t  

I n  t h e  l i t e r a t u r e ,  t h e  hydrogenat ion  of a romat i c s  is r e p o r t e d  t o  

However, i n  t h e  work d i scussed  

r e p o r t e d  t h a t  t h e  hydrogenat ion  of cyc lohexane  

They 

E f f e c t s  of  Metal Oxide Concen t r a t ion :  

S e v e r a l  c a t a l y s t s  of va ry ing  Moo3 c o n c e n t r a t i o n  were eva lua ted .  

F igu re  2 A shows t h a t  t h e  % conver s ion  bf su lphur  i n c r e a s e s  wi th  Mo03 concent ra -  

t i o n  and reaches  a p l a t e a u  a f t e r  9 w t  % Moo3. 
(F igure  2 B) show s i m i l a r  t r e n d s .  However, a t  32OoC t h e  r a t e  of i n c r e a s e  

of convers ion  w i t h  m e t a l  ox ide  c o n c e n t r a t i o n  w a s  cons ide rab ly  g r e a t e r  f o r  

den i t rogena t ion .  A t  a l l  t empera tu res  s t u d i e d  t h e  den i  t rogena t ion  conve r s ion  

is h igher  than  d e s u l p h u r i z a t i o n  f o r  t h e  whole series of unpromoted Mo03/alumina 

c a t a l y s t s .  

w a s  h ighe r  than d e s u l p h u r i z a t i o n  conve r s ion  f o r  low tempera ture  d i s t i l l a t e  

from coa l  tar (200 - 325'C, 0.83 w t  % S and 0 .40  w t  % N) on a WS2 c a t a l y s t  

a t  p re s su res  above 1000 p s i g .  

s u l p h u r i z a t i o n  c o n v e r s i o n s  were g r e a t e r  than d e n i t r o g e n a t i o n  convers ions  

f o r  a heavy gas -o i l  (345 - 525OC, 3.59 w t  % S and 0.38 w t  % N) on unpromoted 

MOO /alumina c a t a l y s t s  a t  2000 p s i g .  The combined r e s u l t s  i n d i c a t e  t h a t  t h e  

n i t rogen  i n  t h e  h e a v i e r  f r a c t i o n s  i s  much more d i f f i c u l t  t o  remove. 

The d e n i t r o g e n a t i o n  r e s u l t s  

Qader e t  alZo also r e p o r t e d  t h a t  t h e  d e n i t r o g e n a t i o n  conve r s ion  

However, W i l l i a m s  e t  alZ1 found t h a t  de- 

3 

Hydrogenat ion  of a r o m a t i c s  i n  coker kerosene  d i s t i l l a t e  showed a 

t r end  d i f f e r e n t  from d e n i t r o g e n a t i o n  and desu lphur i za t ion  (F igure  2 C ) .  A 

3 w t  % MOO /alumina c a t a l y s t  showed s i g n i f i c a n t l y  h ighe r  hydrogenat ion  

convers ion  than  t h e  p u r e  a lumina  s u p p o r t .  However, f u r t h e r  i n c r e a s e s  i n  MOO 
3 

3 
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c o n c e n t r a t i o n  only s l i g h t l y  improved t h e  hydrogena t ion  of a romat i c s .  

The convers ion  of f r a c t i o n s  b o i l i n g  above 220°C t o  f r a c t i o n s  

b o i l i n g  below 220°C ( equa t ion  1) was 

A t  4OO0C, t h e  pe r  c e n t  convers ion  inc reased  w i t h  i n c r e a s i n g  metal ox ide  

c o n c e n t r a t i o n  up t o  9 w t  % Moo3 and decreased  above 9 u t  % (F igure  2 D). 
22 32OoC, the  maximum was a t  6 w t  % Moo3. 

may provide  a p a r t i a l  e x p l a n a t i o n  f o r  t h e  maximum i n  convers ion .  

t h a t ,  f o r  MOO /alumina c a t a l y s t s ,  t h e  c a t a l y t i c  a c t i v i t y  i n  vapour-phase a l d o l  

condensa t ion  of n-butyraldehyde and tile esr s i g n a l s  ( i n d i c a t i n g  Mo5+ concn.)  

showed maxima a t  9 w t  % i n  Moo3, sugges t ing  t h a t  Mo5+ c e n t e r s  may be 

r e s p o n s i b l e  f o r  molecular  we igh t  r educ t ion .  Desu lphur i za t ion ,  d e n i t r o g e n a t i o n  

and hydrogenat ion  conve r s ions  d i d  n o t  show t h e s e  maxima. I t  would appear  t h a t  

q u i t e  d i f f e r e n t  s i tes a r e  involved  f o r  molecular  weight  r e d u c t i o n  than  f o r  

t h e  r e f i n i n g  r e a c t i o n s .  

measured f o r  a l l  c a t a l y s t s  s t u d i e d .  

A t  

The f i n d i n g s  of Seshadr i  e t  a 1  

They found 

3 

E f f e c t s  of Promoters:  

A t  low r e a c t i o n  t empera tu res  t h e  a d d i t i o n  of promoters t o  1400 / 

alumina c a t a l y s t s  a f f e c t e d  t h e  d e s u l p h u r i z a t i o n ,  d e n i t r o g e n a t i o n  and hydrogenat ion  

p rocesses  d i f f e r e n t l y .  

1.1 w t  % COO - 2 . 2  w t  % MOO / a lumina ,  t h e  conve r s ions  a t  320'C f o r  desu lphur i z -  

a t i o n ,  d e n i t r o g e n a t i o n  and a romat i c  hydrogena t ion  i n c r e a s e d  from 20 t o  76.7%, 

3 0  t o  48% and 31 t o  43% r e s p e c t i v e l y  (F igu res  1 A, 1 B and 1 C and Table  2 ) .  A 

l a b o r a t o r y  c a t a l y s t  c o n t a i n i n g  1 2  w t  % MOO /alumina was compared wi th  a 

commercial c a t a l y s t  having  3 w t  % COO - 1 2  w t  % MOO /alumina. I n  t h i s  ca se  the 

conve r s ions  improved from 38 .8  t o  93.5%, 57.2 t o  79.3% and 4 0 . 5  t o  49.2% 

r e s p e c t i v e l y .  The promotion of M O O  /alumina wi th  n i c k e l  showed s i m i l a r  3 
i n c r e a s e s  i n  d e s u l p h u r i z a t i o n ,  d e n i t r o g e n a t i o n  and hydrogenat ion  (Table  2 ) .  

A t  32OoC t h e  i n c r e a s e  i n  conve r s ions  due  t o  promoter a d d i t i o n  v a r i e d  i n  t h e  

fo l lowing  o r d e r :  

3 

Comparing c a t a l y s t s  gonca in ing  2.2 w t  % i100 /alumina and 3 

3 

3 

3 

d e s u l p h u r i z a t i o n  > d e n i t r o g e n a t i o n  > a romat i c  hydrogenat ion  

The results show t h a t  t he  a d d i t i o n  of c o b a l t  or n i c k e l  t o  molybdenum/alumina 

s i g n i f i c a n t l y  i n c r e a s e s  t h e  s e l e c t i v i t y  f o r  t h e  d e s u l p h u r i z a t i o n  r e a c t i o n  i n  

p a r t i c u l a r .  The promoter would appea r  t o  change t h e  chemisorp t ion  cha rac t e r -  

i s t ics  of su lphur  compounds i n  such a way a s  t o  s e l e c t i v e l y  improve desulphur-  

i z a t i o n .  
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S i m i l a r  r e s u l t s  w e r e  ob ta ined  by W i l l i a m s  e t  a12' showing 

t h a t  t h e  a d d i t i o n  o f  a , p r o m o t e r  s e l e c t i v e l y  i n c r e a s e d  t h e  d e s u l p h u r i z a t i o n  

conversion.  

t he  d e s u l p h u r i z a t i o n  and d e n i t r o g e n a t i o n  conve r s ions  were 78% and 24% respec t -  

i v e l y  compared t o  35% and 16% f o r  1 2  w t  % Moo3 c a t a l y s t s .  The impor t an t  po in t  

t o  n o t e  i s  t h a t  t h e  d i f f e r e n t  t ypes  of compounds p r e s e n t  i n  t h e  low b o i l i n g  

coicer kerosene and t h e  heavy g a s - o i l  f e e d s t o c k s  a i d  noc a f f e c t  t h e  promotio?, 

of  d e s u l p h u r i z a t i o n  by c o b a l t  or n i c k e l .  

Comparison of D e n i t r o g e n a t i o n  and Desu lphur i za t ion  a t  D i f f e r e n t  Temperatures:  

They found t h a t ,  a t  38OoC f o r  3 w t  ?$ COO - 1 2  w t  % Moo3 c a t a l y s t s ,  

The rate c o n s t a n t s  c a l c u l a t e d  u s i n g  t h e  f i r s t  o r d e r  equa t ions  f o r  

d e n i t r o g e n a t i o n  and t h e  second o r d e r  e q u a t i o n s  f o r  d e s u l p h u r i z a t i o n  a r e  shown 

in Arrhen ius  p l o t s  (F igu res  3 & 4 ) .  The r e s u l t s  o b t a i n e d  f o r  bo th  promoted 

and unpromoted c a t a l y s t s  a r e  g iven .  It is  seen from F igure  3 t h a t  t h e  activ- 

a t i o n  e n e r g i e s  ( p r o p o r t i o n a l  t o  t h e  s l o p e s  of  t h e  l i n e s )  f o r  den i t rozena t io r ,  de- 

crease wi th  i n c r e a s i n g  c o n c e n t r a t i o n s  of unpromoted Moo3 on alumina. 

hand, f o r  d e s u l p h u r i z a t i o n  (Figure 4 )  t h e  a c t i v a t i o n  e n e r g i e s  i n c r e a s e  wi th  

i n c r e a s i n g  Moo3 c o n c e n t r a t i o n .  

f o r  v a r i a t i o n s  i n  a c t i v a t i o n  e n e r g i e s  and f r equency  f a c t o r s  is t h e  d i f f e r e n c e  i n  

t h e  s t r c n g t h  of a d s o r p t i o n .  I n  t h e  p r e s e n t  work, t h e  v a r i a t i o n s  i n  a c t i v a t i o n  

e n e r g i e s  a l s o  s u g g e s t  t h a t  t h e  d i f f e r e n c e s  i n  d e n i t r o g e n a t i o n  and desu lphur i z -  

a t i o n  c o n v e r s i o n s  on MOO /a lumina a r e  caused by d i f f e r e n c e s  i n  s t r e n g t h s  of 

chemiso rp t ion  of  s u l p h u r  and n i t r o g e n  compounds on t h e  c a t a l y s t .  When N i  o r  

Co promoter w a s  added t h e  a c t i v a t i o n  e n e r g i e s  f o r  bo th  d e n i t r o g e n a t i o n  and 

d e s u l p h u r i z a t i o n  d e c r e a s e d ,  b u t  t h e r e  was a l a r g e  i n c r e a s e  i n  t h e  

frequency f a c t o r  f o r  t h e  d e s u l p h u r i z a t i o n  r e a c t i o n  compared t o  t h e  d e n i t r o -  

g e n a t i o n  r e a c t i o n .  

S a t t e r f i e l d  e t  a14 s u g g e s t  t h a t  t h e  i n t e r a c t i o n  between desulphur-  

On t h e  other  

CrmerZ3 s u g g e s t s  t h a t  one of t h e  r easons  

3 

i z a t i o n  and d e n i t r o g e n a t i o n  i s  temperature-dependent .  They s t u d i e d  t h e  

d e s u l p h u r i z a t i o n  of  model compounds such as thiophene and the  d e n i t r o g e n a t i o n  

of p y r i d i n e  on commercial  CoMo, N i M o  and NiW su lph ided  c a t a l y s t s  a t  temperature- 

up t o  425OC and p r e s s u r e s  u p  to 1.1 x l o 3  kN/m2 (11 atm).  

thiophene i n h i b i t e d  d e n i t r o g e n a t i o n  and a t  h i g n  t empera tu res  t h e  su lphur  

compounds ennanced t h e  d e n i t r o g e n a t i o n .  The r e s u l t s  ob ta ined  w i t h  d i s t i l l a t e  

f r a c t i o n s  and t h e  promoted c a t a l y s t s  bo th  i n  t h e  p r e s e n t  work and by W i l l i a m s  

et s u p p o r t  t h e  o b s e r v a t i o n s  of S a t t e r f i e l d  e t  a 1  . With the  coker  

d i s t i l l a t e  ove r  Co and N i  promoted c a t a l y s t s ,  t h e  d e s u l p h u r i z a t i o n  was much 

A t  low temperatures ,  

4 
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I 

h ighe r  than  d e n i t r o g e n a t i o n  a t  32OoC, bu t  t he  d e n i t r o g e n a t i o n  conve r s ion  

improved r e l a t i v e  t o  d e s u l p h u r i z a t i o n  w i t h  i n c r e a s i n g  temperature  (Table  2 ) .  

A l s o ,  Williams e t  a1 found t h a t  f o r  s i m i l a r  promoted MOO /a lumina c a t a l y s t s  

(Table 3 ) ,  t he  d i f f e r e n c e s  between t h e  conve r s ions  for d e n i t r o g e n a t i o n  and 

d e s u l p h u r i z a t i o n  decreased a t  h i g h e r  r e a c t i o n  temperatures .  

3 

With t h e  unpromoted c a t a l y s t s ,  on t h e  o t h e r  hand, t h e  h y d r o t r e a t i n g  

d a t a  shows a r e v e r s e  t r e n d .  The r e s u l t s  f o r  t h e  unpromoted c a t a l y s t s  

(Figures  1 A ,  1 B and Tab le  2)  w i t h  t h e  coker  d i s t i l l a t e  and of W i l l i a m s  e t  a i  

on gas -o i l  (Table 3 )  show t h a t  w i t h  i n c r e a s i n g  r e a c t i o n  t empera tu re ,  t h e  

desu lphur i za  t i o n  r e a c t  i o n  conve r s ion  improves r e l a t i v e  t o  d e n i t  r o g e n a t i o n  

conversion.  A comparison of r e l a t i v e  conve r s ions  f o r  d e s u l p h u r i z a t i o n  and 

den i t rogena r ion  a t  d i f f e r e n t  t empera tu res  d e f i n i t e l y  i n d i c a t e s  t h a t  t h e  

i n t e r a c t i o n  of t h e s e  r e a c t i o n s  depends o n  whether  t he  c a t a l y s t  i s  promoted 

or n o t .  

CONCLUSIONS 

Comparison of molecu la r  we igh t  r e d u c t i o n  and t h e  r e f i n i n g  r e a c t i o n s  

on unpromoted Moo3 c a t a l y s t s  i n d i c a t e s  t h a t  q u i t e  d i f f e r e n t  a c t i v e  s i tes  a r e  

involved f o r  molecu la r  we igh t  r e d u c t i o n  than  f o r  t h e  r e f i n i n g  r e a c t i o n s .  

V a r i a t i o m i n  t r e n d s  f o r  a p p a r e n t  a c t i v a t i o n  e n e r g i e s  of d e s u l p h u r i z a t i o n  and 

d e n i t r o g e n a t i o n  on unpromoted c a t a l y s t s  i n d i c a t e  d i f f e r e n c e s  i n  chemiso rp t ion  

c h a r a c t e r i s t i c s  of n i t r o g e n  and s u l p h u r  compounds. 

With the  promoted c a t a l y s t s ,  t h e  k i n e t i c s  observed w i t h  t h e  d i s t i l l a t e  

f r a c t i o n s  g e n e r a l l y  a g r e e s  wi th  t h e  r e s u l t s  of  t h e  pure compound s t u d i e s .  The 

t r end  of t h e  d a t a  was t h e  same r e g a r d l e s s  of  t h e  b o i l i n g  r ange  o f  t h e  d i s t i l l a t e .  

However, i n  t h e  c a s e  of unpromoted c a t a l y s t s ,  t h e  b o i l i n g  range of t h e  f eed -  

s t o c k  has  a c o n s i d e r a b l e  i n f l u e n c e  on t h e  r e a c t i o n  r a t e s .  Comparison o f  t h e  

high p res su re  d a t a  f o r  coke r  ke rosene  r e p o r t e d  h e r e ,  t h e  h igh  p r e s s u r e  d a t a  of 

Williams e t  .Iz1 and t h e  low p r e s s u r e  d a t a  r e p o r t e d  by S a t t e r f i e l d  e t  a 1  

i n d i c a t e s  t h a t  w i t h  i n c r e a s i n g  r e a c t i o n  t empera tu re ,  t he  p re sence  of s u l p h u r  

compounds enhances d e n i t r o g e n a t i o n  r e l a t i v e  t o  d e s u l p h u r i z a t i o n  on promoted 

c a t a l y s t s  b u t  n o t  on  unpromoted c a t a l y s t s .  

4 
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TABLE 1 

PROPERTIES OF THE FEEDSTOCK 

______ ~~ 

Boi l ing  r a n g e ,  OC 

S p e c i f i c  G r a v i t y  60/60 O F  

Sulphur ,  ut % 

Nit rogen ,  ??m 
POUK P o i n t ,  OF 

Cloud P o i n t ,  OF 

F l a s h  P o i n t ,  OF 

Vanadium, ??m 

Nicke l ,  PPm 

I r o n ,  PPm 
Ramsbottom Carbon 

Residue (10% bo t toms) ,  w t  % 

P r o p e r t i e s  

Aromatics + o l e f i n s ,  v o l  % 

S a t u r a t e s ,  vol % 
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Coker Kerosene D i s t i l l a t e  

193  - 279 

, 0.871 

2 . 3 2  

430 

Below -60 

Below -60 

116 

0 .40  

0.36 

0.50 

0 .29  
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'B; 

TWERATURE : 20°C 

TEMPERATURE ; 3Boc 

FIGGRE 1 A FIRST O R E R  [LOT FOR iIEi.Il'fRXD.rATI0t.l 

FIGURE 1 kCCSlD OWER PLOT FOR DESU-PIiURIZATI0I.I 

(X;d - F R A C T I O V L  1.1 ii3GEt.l CCI'UVERSION) 

(Xs - FRACTI U N  SUYHUR COI.NEFS1OI.J) 
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CONCENTRATION 

0-  I I 

OF Moo3 ,Wi% 
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FIGURE 3 - ARRHENIUS PLOT FOR ENITROGE" ,<ATION 

( k, - FIRST ORDER RATE CONSTANT) 
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FIGURE - ARRiENIUS PL(TT OF DESULPdURIZATION 
( .ks - SECOID ORUER RATE COtJSTAI\cT) 
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